1. Appendix 1.1. Rarefaction of phylogenetic quadratic entropy. We investigate the rarefaction of phylogenetic quadratic entropy (PQE), which is a diversity coefficient in the language of (Rao, 1982) and defined as follows (Warwick and Clarke, 1995; Allen et al., 2009 ). If the tree is not rooted, root it arbitrarily (the rooting does not impact the value). PQE is defined on a tree as (1)
where i is the length of edge i and a i is the number of leaf observations that are distal (away from root) from edge i. Assume we rarefy to k observations as above; let A i denote the random variable that is the number of observations distal to edge i after rarefaction. The phylogenetic quadratic entropy is then
The random variable A i has a hypergeometric distribution, performing k draws with d i possible successes in a population of size n. Let µ i be the expectation of A i , which is simply kd i /n. The variance of the hypergeometric distribution is well known to be
By definition,
Thus the expectation of the phylogenetic quadratic entropy upon rarefaction is
Expanding the term in parentheses from (4):
Putting this back in (4), we obtain
In principle one could calculate the variance of phylogenetic quadratic entropy in terms of the higher order moments of the hypergeometric distribution. However, these higher moments are very messy and we have not attempted to write out the variance calculation. We also note that this derivation could be easily generalized to the setting of a "tree with marks" as in (Nipperess and Matsen, 2012).
1.2. Description of PD in more general setting. We can describe the methods in the general setting where samples are represented by a mass distribution on a tree. As described elsewhere (Evans and Matsen, 2012) , this generalizes the notion of representing a sample by an OTU count equipped with a phylogenetic tree on OTU representative. Specifically, if the total sample size is N , then n observations of a given OTU ω are represented by a point mass of weight n/N at ω.
As observed by others (Allen et al., 2009 ) phylogenetic diversity measures can be written as
where F is some real-valued function on the unit interval. This can be further generalized to the case of an abitrary probability distribution by writing this as an integral where λ is the length measure on the tree (Evans and Matsen, 2012 ) and now D s (y) is the total mass on the distal side of y.
For phylogenetic quadratic diversity, F (x) = x(1−x), and for phylogenetic entropy, F (x) = −x log x. As described above, the BWPD θ fits into this framework with F (x) = min(g θ (x), g θ (1 − x)).
1.3. Analysis of oral dataset with additional quality filtering steps. After the quality filtering steps reported in the main text, sequences were error-corrected using Acacia (Bragg et al., 2012) , and putative chimeras identified by UCHIME were removed. Results are shown in Table S1 . Table S1 . Predictive accuracy of each measure in the oral dataset and p-value from an ANOVA stratified by disease status and sampling site after additional quality filtering. 
